The study aimed to determine the variations of salivary levels of osteoprotegerin (OPG) during the different stages of orthodontic tooth movement. Materials and Methods: A sample of 24 patients was taken up for the study. Salivary samples were collected from each of the patients at the following intervals: T(0) -before start of the appliance therapy, T(1) -24-48 h following treatment initiation, T(2) -after 2 weeks of appliance insertion, and T(3) -5 weeks of appliance insertion. At all times, whole unstimulated salivary samples were collected. ELISA-based assay was used to determine the levels of OPG in the salivary samples. The results were statistically analyzed using ANOVA with Bonferroni t-test. The significance value of P < 0.05 was considered as statistically significant. Results: According to the results, there was an insignificant decrease and increase of OPG levels. Salivary levels in the alternate stages of treatment. P value for this particular study was found to be 0.05. Conclusion: The findings indicate that the variations in salivary concentrations of OPG might be linked to various stages of orthodontic tooth movement. The site specificity of OPG collection requires further studies in the long run.
Introduction

B
one is primarily made of four major components namely the collagen fibres, polysaccharides, cells and calcium which together forms a constituent tissue. Bone continuously undergoes remodeling and mineralization. Remodeling can be physiological, pathological or mechanical. On application of an orthodontic force, areas of compression and tension develops following the stretch of periodontal ligament fibres. Areas under compression show osteoclastic activity wheresas areas under tension show osteoblastic activitites. [1] Thus the events leading to orthodontic tooth movement are complex and there still lacks sufficient knowledge regarding the culmination of biochemical events at a molecular level. [2] Research at the molecular level has lead to the findings of osteoblast derived factors such as receptor activator of nuclear factor kappa B ligand (RANKL) D3 and parathormones according to Horowitz et al. [8] Study by Lin et al [9] stated that RANKL and OPG not only stimulate osteoclast differentiation, but also play a major role in osteoblastic proliferation.
Thereby the sequence of events surrounding the biomarker and their role in Orthodontic tooth movement is substantially important. The activity of biomarkers in turn dictate the metabolic pathways of the involved tissues. [10] A study conducted by Tuncer et al [11] to measure the RANKL and OPG levels in GCF during canine retraction concluded that OPG levels were significantly higher on the mesial side of retraction without any significant changes for RANKL levels. So OPG was taken as the biomarker of choice. A study done by Nishijima et al [12] on the levels of RANKL and OPG in gingival crevicular fluid during orthodontic tooth movement concluded that the changes of these biomarkers may be linked to bone resorption as a response to compression force.
So the purpose of the study was to determine variations in the salivary levels of Osteoprotegerin as a biomarker during different stages of orthodontic tooth movement.
The Institutional ethical committee clearance was obtained for the above mentioned study from A B Shetty Memorial Institute of Dental Sciences, Mangalore. An informed consent was obtained from each of the participant before sample collection.
Materials and Methods
Source of data
The data were obtained from patients visiting the Department of Orthodontics, A B Shetty Memorial Institute of Dental Sciences, Mangalore. The sample size was determined at 20 with power of the study set at 80%.
Patients between the age range of 18-30 years were taken irrespective of gender variation. The appliance used for this particular study was preadjusted edgewise mechanotherapy (MBT system) using 022 slot (product marketed by American Orthodontics,Wisconsin, USA). All the samples were treated without extraction using preadjusted edgewise mechanotherapy. The archwire sequence used for treating the experimental study group was 0.014" Round NiTi, 0.016" round NiTi, 0.017 X 0.025 " Rectangular NiTi, 0.017 X 0.025" rectangular stainless steel, 0.019 X 0.025 rectangular stainless steel. The salivary samples were collected at four different stages with round nickel titanium in place (0.014" round NiTi).
Inclusion criteria
Sample preparation
1. Five milliliters of unstimulated whole saliva sample was collected in 50 ml of sterile plastic centrifuge tube from each patient. The sample collection was done before breakfast at 8 a.m. and any further dental cleaning procedure 2. Immediately following collection, the samples were centrifuged for 5 min at ×800 g. Supernatants were collected and stored at −75°C unless processed. During salivary sample collection no reactivations were done.
Sample collection
ELISA-based capture assay was used. Undiluted form of clarified salivary samples was used. The optical density for OPG (measured in picograms per milliliter (pg/ml) was determined within 15 min after adding 50 μl of stop solution using microplate reader.
Results
The participants taken up for the study maintained good oral hygiene before the start and during the course of the treatment. The sample size stood at 20 with a total of 80 salivary samples which were assayed using the levels of OPG.
Statistical analysis
The statistical analysis was done through SPSS Inc., Chicago, IL, USA by using ANOVA test and post-hoc Bonferroni method. The statistical calculation showed significant differences in the salivary levels of OPG with P value of 0.05 at 95% confidence level.
The variations in the enzymatic findings indicate fluctuating trends in the level of OPG with time. At baseline, the mean value of OPG was 1.0169 pg/ml with standard deviation (SD) of 0.39 which rose to 1.3214 pg/ml with SD of 0.38 at 24-48 hr after appliance insertion. Two weeks postappliance insertion showed a decrease of OPG value to 1.1644 pg/ml with a SD of 0.45. The OPG values 5 weeks after appliance treatment showed an upward trend to 1.2497 pg/ml with a SD of 0.38. Thus, the OPG values increased from baseline to 48 h whereas it decreased 2 weeks following postappliance insertion. The values showed a sudden increase after the appliance was in place for 5 weeks [ Table 1 ]. The results were found to be statistically insignificant.
Discussion
RANK, RANKL and OPG are the key molecules for osteoclast differentiation supported by osteoblasts. [13, 14] OPG is produced by human periodontal cells,pulp cells and the gingival fibroblasts. OPG binding to RANK site competitively inhibiting the binding of RANKL prevents the differentiation of preosteoclasts into mature osteoclasts. [15, 16] OPG has also been suggested in the treatment of bone arthropathies such as osteoporosis, crippling arthritis and osteopenic disorders. [17] Kanzaki et al [18] concluded that OPG gene transfer prolonged OPG expression and thereby inhibited RANKL mediated osteoclastogenesis.
So this study aimed to check the salivary concentration of Osteoprotegerin at various intervals of orthodontic tooth movement in samples collected at various time intervals. The orthodontic tooth movement involving alveolar process remodeling is time dependent which requires an observation period of atleast 1 month. Therefore the levels of OPG was investigated over a period of 5 weeks.
The detection of OPG and RANKL levels in Gingival Crevicular fluid and their ratio may help the clinician to effectively apply the optimum orthodontic force and to avoid pathologic bone resorption and hyalinization in cases with bone metabolic disorders. [19, 20] Since different bone remodeling mediators are washed into the saliva from gingival crevicular fluid, whole saliva was considered an easy alternative to crevicular fluid for sampling. [21] The ELISA kit used for the study was manufactured by ELABSCIENCES LTD GERMANY. The minimum detectable dose of human OPG is 0.094 ng/ml. The sampling intervals were chosen according to the phases of tooth movement. Initially from the day of force application to 2 days,there is rapid displacement of tooth in the PDL space and alveolar bone bending.This phase is followed by a lag phase spanning from 4 days to 20 days which is mostly due to hyalinization; and finally acceleration phase due to removal of the hyalinized tissue. [22] Comparing the 48 hour values to the baseline the OPG concentration increased with time.The expression of OPG upregulated under intermittent stresses. Kusumi et al [23] found an increase in OPG synthesis following application of tensile stress to human osteoblasts.These reports seem to correlate with our results of OPG levels within 48 hours of treatment initiation.
Although Florez-Moreno et al [5] had led to contrary findings of decreasing OPG levels immediately after mechanical loading (24-48 hours) attributed to ischaemia and hypoxia due to mechanical compression of microvasculature. The authors perhaps might not have considered that orthodontic tooth movement is a combination of compressive and tensile stress taken together to measure the levels of various biomarkers.
In this particular study, the lag phase corresponded to decrease in OPG levels following 2 weeks of appliance insertion. The pressure site demonstrates decreased cellular activity and tension site shows increased cellular activity. [24, 25] During lag phase, due to the presence of hyalinized zone the cellular activity even at the tension site comes to a standstill correlating to decreased levels of OPG following 2 weeks when compared to 48 hours of appliance insertion.
The post lag phase involves removal of hyalinized tissue thereby restoring the cellular activity at the tension and pressure sites. Thus at 5 weeks of appliance insertion, the OPG levels gained a sharp increase.
Thus our values correlate and corresponds with the findings of the study that when stretch is induced in the Periodontal ligament fibres there causes an upregulation of OPG levels during various stages of orthodontic tooth movement. [26] Though we have noticed these experimental findings at various intervals, our values are not statistically significant. In most of the previous studies, sample collection was from gingival crevicular fluid instead of washed saliva as taken up for this study. Thereby the site specificity of the GCF was lost and so the results obtained were not statistically significant.
Conclusion
The findings indicate that variations in salivary
concentrations of OPG might be linked to various stages of orthodontic tooth movement. Levels of OPG increased following 48 h of appliance insertion and after 5 weeks of appliance treatment whereas decreased after 2 weeks of treatment initiation 2. Site-specific GCF would have been a better alternative to whole saliva for studying specific biomarkers like OPG and their expression during various stages of orthodontic tooth movement.
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